BACKGROUND: Increasing levels of physical inactivity and sedentariness are contributing to the current overweight and obesity epidemic. In this paper, the findings of two recent studies are used to explore the relationships between sitting time (in transport, work and leisure), physical activity and body mass index (BMI) in two contrasting samples of adult Australians. METHODS: Data on sitting time, physical activity, BMI and a number of demographic characteristics were compared for participants in two studiesF529 women who were participants in a preschool health promotion project ('mothers'), and 185 men and women who were involved in a workplace pedometer study ('workers'). Relationships between age, number of children, physical activity, sitting time, BMI, gender and work patterns were explored. Logistic regression was used to predict the likelihood of being overweight or obese, among participants with different physical activity, sitting time and work patterns. RESULTS: The total reported time spent sitting per day (across all domains) was almost 6 h less among the mothers than the workers (Po0.001), and compared with the mothers, a significantly greater proportion of the workers was classified as overweight or obese (BMI Z25 kg/m 2 ). Univariate analysis found that, compared with men in full-time work, women who worked full-time (OR ¼ 0.42, CI: 0.24-0.74), part-time (OR ¼ 0.35, CI: 0.20-0.59) or in full-time home duties (OR ¼ 0.51, CI: 0.29-0.88) were about half as likely to be overweight or obese. Participants who reported high daily levels of sitting (Z7.4 h) were also significantly more likely than those who reported 'low' levels (o4.7 h/day) to be overweight or obese (OR ¼ 1.68, CI: 1.16-2.42). Multivariate analysis (including physical activity, work patterns and sitting time) confirmed that full-time and parttime working women (but not 'home duties' women) were less likely to report BMI Z25 kg/m 2 than full-time working men (fulltime: OR ¼ 0.44, CI: 0.25-0.78; part-time: OR ¼ 0.45, CI: 0.24-0.86), but the OR for BMI Z25 among those in the high sitting category was attenuated (OR ¼ 1.61, CI 0.96-2.71). CONCLUSIONS: The findings suggest a need for inclusion of measures of both activity and inactivity in future studies, so that the complex relationships between these behavioural determinants of BMI can be clarified.
Introduction
The results of the 2001 Australian National Health Survey indicate that 58% of men and 42% of women are now overweight or obese, an increase since 1990 of 26% for men and 31% for women. 1 While the underlying causes of increasing levels of overweight and obesity involve a complex interplay of inherited, metabolic, lifestyle and psychosocial factors, 2 data from the UK suggest that increasing levels of sedentariness have played a major role in the development of the current overweight/obesity epidemic. 3 In recent years, measurement of sitting time has gained some attention in the study of overweight and obesity. Most studies have however concentrated only on time spent sitting while watching television or playing computer games. For example, in 2000, an Australian study found that both body mass index (BMI) and physical activity patterns were associated with hours of television watched. 4 Several (but not all) US studies have also shown a strong association between television viewing and overweight and obesity in adults, as well as in children. [5] [6] [7] [8] There have been few attempts to assess the role of time spent in other sitting activities (such as in work or transport) in the aetiology of overweight and obesity.
In this paper, the findings of two recent studies, which included sitting time questions, are used to explore the relationships between sitting time, physical activity and BMI in two contrasting samples of adult Australians. The first study was a health promotion intervention study with mothers of young children, conducted in New South Wales in 1999-2000. Participants were asked about weekly time spent in different domains of sitting, including travel to and from work, while at work, and during leisure time activities such as TV watching, movies and dining out. The second study was a mixed sex workplace pedometer study, which also included questions about time spent in these domains of sitting.
The first aim of this paper was to compare the time spent in different sitting activities in these two samples. The second aim was to explore the relationships between sitting time, physical activity and self-reported BMI in participants with different patterns of paid work, in order to explore determinants of overweight and obesity in these Australian adults.
Methods

Participants
Participants in the first study were 529 women ('mothers') who were participating in an intervention trial, which involved 21 randomly selected child-care centres in the Hunter region of NSW, Australia. 9 Participants in the second study were 185 men and women ('workers') who were participants in a workplace pedometer study in Brisbane, Queensland. All participants were given a full written and verbal explanation of the project and all gave written informed consent to participate. Participants in both studies completed a survey, which included questions about demographic characteristics, physical activity, height and weight, as well as a range of questions about time spent sitting in various circumstances.
Measures
Demographic characteristics
The workers were asked to report their age, sex, highest level of education, number of children aged under 5 y and under 18 y and number of hours spent in paid work per week. The mothers were also asked to report their age, employment status (full-time paid work, part-time paid work, full-time home duties) and the age of each of their children.
Sitting time. The mothers were asked to estimate their total hours spent sitting during the last 7 days:
(a) while travelling to or from places (eg in a car, train or bus), (b) as part of your job (eg at a desk/computer), (c) for recreation (eg watching TV, visiting friends, dining out).
The workers were asked to estimate hours spent sitting on an average week day:
(a) at work, (b) travelling (car, bus, etc), (c) watching tv/using a computer (not work), (d) for recreation (eg socialising, movies, reading).
Total sitting times were converted to h/day and categorised as: 'low' (o4.7 h/day), 'moderate' (4.7-o7.4 h/day) or 'high' (Z7.4 h/day), on the basis of tertiles of sitting time derived from a much larger survey (N ¼ 8762) of Australian women. Physical activity. Participation in 'sufficient physical activity for health benefit' was derived from questions about time spent in walking for travel or leisure, moderate-intensity leisure-time activity and vigorous leisure-time activity. Total weekly time in minutes reported in these activities (with time spent in vigorous activities weighted by 2) was categorised as: none (0-10 min reported), insufficient (410 and o150 min/week) or sufficient (Z150 min/week).
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Data management and statistical analyses For comparison between samples of each 'domain' of sitting time (work, travel, and recreation), reported time spent sitting while watching TV or using the computer (not at work) was added to the reported time spent sitting for recreation (other) in the workers sample. Between-group comparisons of sitting time were made using t-tests and analysis of variance. Further exploration of the sitting time data was undertaken following amalgamation of the data from the two samples, and categorisation by work pattern and gender as 'full-time men' (N ¼ 74, all from the workers sample), 'full-time women' (N ¼ 169; 95 workers and 74 mothers) 'part-time women' (N ¼ 288; 16 workers and 272 mothers) or 'full-time home duties' (N ¼ 183, all mothers).
Relationships between age, number of children, physical activity and sitting time were explored first for different work patterns, then for different BMI categories using w 2 tests.
(Gender was included in the 'work pattern' category as none of the part-time or home duties workers were men.) Logistic regression was then used to predict the likelihood of being overweight or obese (BMI Z25 kg/m
Results
Demographic characteristics, physical activity and BMI Demographic characteristics of the participants are shown in Table 1 . There were, as expected, marked differences between the two groups in terms of sex, age, employment status and number and ages of children (all Po0.0001). A significantly higher proportion of the mothers was classified in the healthy weight range, and a significantly greater proportion of the workers was classified as overweight or obese (P ¼ 0.017). The proportion of women classified as overweight or obese was however similar in the two samples (42.8% of the workers and 38.0% of the mothers), and there were no significant differences in the distribution of BMI categories between the female workers and the mothers (data not shown). However, despite the lower proportion of workers in the healthy weight range, a significantly greater proportion of the workers (than mothers) was classified as sufficiently active for health benefit (P ¼ 0.039) (see Table 1 ).
Reported time spent sitting Mean (s.d.) sitting times for each domain in each of the two study groups are shown in Table 2 . The workers reported approximately double the time spent sitting during travel, four times more time spent sitting at work and about 70% more time sitting in leisure time than the mothers. The total reported time spent sitting per day (across all domains) was almost 6 h less among the mothers than the workers (t(722) ¼ 30.79, Po0.001) (see Table 2a ). When sitting time data from both groups were considered by gender/work patterns (full-time men, full-time women, part-time women and 'home duties' women), there were also differences, with full-time male workers reporting the greatest mean time spent sitting for travel, at work and for recreation. Among the full-time workers, mean times spent sitting for travel, at work and for recreation were significantly lower in women than in men (travel, t(240) ¼ 2.63, Po0.01; work, t(240) ¼ 3.18, Po0.01; recreation, t(241) ¼ 4.67, Po0.001) (see Table 2b ).
Among women, there was a significant relationship between work status and total sitting time (F(2) ¼ 168.70, Po0.001), such that those in full-time work reported the greatest mean total sitting time, followed by part-time workers, with those in home duties reporting the lowest mean total sitting time (see Table 2b ). Post hoc comparisons revealed statistically significant differences in sitting time between all three categories of women (full-time vs parttime difference ¼ 4.7 h/day, Po0.001; full-time vs home duties difference ¼ 5.3 h/day, Po0.001; part-time vs home duties difference ¼ 0.98 h/day, Po0.01).
Relationships between gender/work patterns and physical activity, BMI and sitting time Relationships between gender/work patterns and age, number of children, physical activity, BMI and sitting time are shown in Table 3 . There were clear differences between the four groups in terms of age and number of children, with male workers more likely to be over 45 y and without children. There were no significant differences in physical activity patterns between the four groups, but a much higher proportion of the full-time male workers (than the other three groups) reported 'high' sitting time, and a smaller proportion of male workers was in the healthy weight category (see Table 3 ). Among the women, a significantly higher proportion of those in full-time work was aged over 45 y (w Univariate analyses showed work patterns, but not age or number of children, to be associated with BMI (see Table 4 ). Although the relationship between the categorical sitting The logistic regression analyses confirmed that there was no association between physical activity category and being overweight or obese (see Table 5 ). The univariate analysis indicated that, compared with full-time male workers (mean BMI 27.0 kg/m 2 Sitting time, work and BMI WJ Brown et al (Z7.4 h) were also significantly more likely than those who reported 'low' levels (o4.7 h/day) to be overweight or obese (P ¼ 0.006). When each of these three variables was adjusted for the others in a single model, the adjusted odds ratios confirmed that women in full-time and part-time work (but not those in home duties) were less likely to be overweight or obese, but the significance of the odds ratio for high sitting time was attenuated (P ¼ 0.073; see Table 5 ).
Discussion
The results of this study indicated that 'workers' spend significantly more time (about 6 h/day) sitting in connection with travel, work and recreation than mothers of young children. Moreover, on average, male full-time workers reported about an hour a day more time spent sitting at both work and in recreation than women who worked fulltime. In contrast, women in part-time work and full-time home duties reported significantly lower sitting times for The relationships between the sociodemographic and behavioural variables provide insight into the complexities of clarifying the determinants of overweight and obesity in working adults. Work patterns were clearly associated with sex, as well as with age and number of children, such that the full-time workers (both men and women) were older and less likely to have children aged o18 y. The 'home duties' and part-time women were generally younger and had preschool age children, reflecting the nature of their recruitment into the child-care centre health promotion project in which they were participants (9) . Although the inclusion of these two samples of participants may be seen as a limitation of this study, the combined data from the two studies allow insights into patterns of sitting and activity in Australian men and women.
Physical activity patterns, as determined by these selfreport data, did not vary a great deal among the full-time, part-time and 'home duties' women, but it was apparent that the men, despite working full-time, were more likely to be classified as 'active'. This is probably a reflection of their participation in more 'structured' forms of leisure-time physical activity which are captured in the activity measure we used. 13 Our physical activity results are in line with national survey data, which indicate that 59.6% of men and 53.8% of women are sufficiently active for health benefit, compared with 59.5% of the workers and 48.7% of the mothers in this study.
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Notwithstanding their higher levels of physical activity, the full-time male workers were more likely to report high sitting times, and to be classified as overweight or obese. The univariate analysis confirmed that gender/work patterns and sitting time were independently associated with BMI Z25 kg/m 2 , such that the full-time working men were more likely than any of the groups of women to have a BMI Z25 kg/m 2 , and men and women reporting high sitting times were also more likely to be overweight or obese. After adjustment for physical activity and sitting time, the changed relationships between these variables in the 'home duties' women may reflect more recent pregnancies, as well as the reduced time available for structured physical activity in this group.
14 After adjustment, the relationship between sitting time and BMI was slightly attenuated (P ¼ 0.07), suggesting that this relationship is confounded by physical activity. These findings are consistent with those from a large European Union study, which also found complex relationships between total physical activity, sitting time and BMI in women. 15 Daily sitting time among the full-time working men was 6 h greater than for the women who worked part-time. If the part-time working women were 'on their feet' for these 6 h, we estimate a minimum weekly difference in energy expenditure of about 1410 kcal. (For men, 6 h sitting at 1.5 METs, for an 82 kg (average weight) man, 5 days/week ¼ 3690 kcal/ week; for women, 6 h 'light duties' at 2.5 METs, for a 68 kg (average weight) woman, 5 days 1 week ¼ 5100 kcal/week.). 16 Even if the working men participated in moderate physical activity for 150 min each week, expending about 800 kcal (80 kg Â 4 METS Â 2.5 h), and the women did not, the working men's weekly energy expenditure would still be about 610 kcal less each week than that of the part-time working women. Recent interpretation of the US National Health and Nutrition Examination Survey has suggested that an energy imbalance of this order (about 100 kcal/day) is sufficient to explain the current obesity epidemic. 17 A major limitation of this type of simplistic energy balance speculation is that we did not have any measure of energy intake in this study. Other limitations of this study include the non-random selection of the participants, although comparison of the demographic characteristics of both samples did show them to be reasonably representative when compared with similar subgroups of randomly selected samples. Other limitations of this study include the different sitting time questions in the two study groups, and the selfreport measures of BMI, physical activity and sitting time. While the validity and reliability of the physical activity questions is reasonably good, 18 it is known that people tend to under-report their weight and over-report their height, so that our estimates of BMI are likely to be low. 19 The reliability of the sitting time items used in our workers' sample was tested in a sample of 30 workers and found to be very good (intraclass correlation ¼ 0.71, unpublished data), but more work is required to assess whether these measures 'capture' the unstructured nature of sitting which is typically seen in mothers of young children and other adults with less 'routine' week to week activities. The findings of this study can only be regarded as a preliminary exploration of the complex interplay between physical activity, sitting times and overweight and obesity. The results presented here suggest that it might be pertinent to include measures of both activity and sitting time in subsequent studies, so that the complex interrelationships between these determinants of overweight and obesity can be better understood, and improved prevention and management strategies can be developed. These preliminary data suggest that a focus on 'substitution' of some sedentariness in transport, at work and in recreation may be a useful strategy for increasing energy expenditure and decreasing the continued upward trend in overweight and obesity.
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